Background: To report changes in body composition and biochemical parameters in patients with type 1 diabetes mellitus (T1D) after switching from multiple daily injection (MDI) to continuous subcutaneous insulin infusion (CSII). Methods: 31 patients switched over from MDI to CSII. Body composition, biochemical parameters, glycaemic variability (GV) and level of physical activity were evaluated before and 6 months on CSII. Results: In both sexes, we found an increase in skeletal muscle mass (SMM), (p = 0.008; 0.008). In men, there was mainly a decrease in visceral fat area (VFA), (p = 0.028) and in women there was decrease of total body fat (TBF), (p = 0.020) and non-significant decrease of VFA (p = 0.098). SMM inversely correlated with VFA in men (p = -0.001) and with TBF in women (p = -0.005 ). GV was decreased generally and correlated inversely with TBF in men only (p = -0.026). Physical activity was increased and correlated inversely with VFA in men (p = -0.002) and in women (p = -0.006). Conclusions: Using CSII in T1D leads to a significant increase of SMM in both sexes to a decrease of VFA in men and to a non-significant decrease of VFA in women. Changes in adipose tissue and SMM were also related to increased physical activity and to decreased GV.
Introduction
Recent advances have revealed new information about the distribution and biological characteristics of adipose tissue. Fewer studies have been completed on type 1 diabetes mellitus (T1D) patients. However, there is growing evidence about the association of the parameters of metabolic syndrome (MS) and T1D, known as 'double diabetes' -where abdominal obesity plays the main role. The reported prevalence of MS in T1D is rather high -30-45% [1] in adults and about 3.2% in children with T1D, with one-third of the children being overweight or obese [2] .
In general, the diabetic population has higher visceral and intermuscular fat and lower subcutaneous fat [3] . In non-obese women with T1D, the higher central depots of fats are the main determinant of MS, while peripheral fat distribution and total fat percentage show no correlation with MS [1] . Men without diabetes have higher visceral adiposity compared to women without diabetes, while men with diabetes have lower visceral adiposity compared to women with diabetes [4] . Results of The Diabetes Control and Complications Trial Research Group (DCCT) showed that intensive glycaemic control reduces the incidence and progression of microvascular complications in T1D [5] , but also leads to body weight (BW) increase [6] . There are few studies with adult patients with T1D, which have focused on fat distribution changes after switching from multiple daily injection (MDI) to continuous subcutaneous insulin infusion (CSII). Jacob et al. [7] found that an increase in BW in T1D patients was mostly based on the intrinsic lipogenic effect of insulin, which leads to an increase of fat and lean mass. Lipsky et al. [8] presented similar results -the lipogenic effect of insulin may be the primary cause of increased BW, but the frequency of hypoglycaemic episodes and appetite score does not correlate with BW increase. Excess weight gain was associated also with lower bolus-to-basal-insulin ratio independent of glycaemic control and activity level [9] . Other authors associated excess weight gain with increase of the visceral-to-subcutaneous-fat ratio; the changes in this ratio negatively correlated with physical activity, but not with HbA1c changes [10] . There are not many proofs comparing changes of body composition in patients with T1D after switching from MDI to CSII. DCCT and other studies are, among other factors, focused on changes of BW, body composition on intensified regimen or compared the prevalence of metabolic syndrome on CSII [1, 7, 10, 11] .
We aimed to find out, how CSII does influence body composition and biochemical changes, e.g. leptin and ghrelin, and how the level of physical activity and glycaemic variability (GV) does change. Given the prospective character of the study and its easy reproducibility, we used bioelectrical impedance in a similar way as in the DCCT study when evaluating the changes in body composition [11] . We postulated that an improvement of GV would lead to a decline in hypoglycaemic episode frequency and thus to a reduction of carbohydrate intake as well as an improvement of insulin sensitivity with the added benefit of an anticatabolic effect of insulin.
Subjects and Methods
We examined 31 T1D patients (15 men, 16 women) admitted while being switched from MDI to CSII. 24% of men but none of the women were smokers, 10% had microalbuminuria, 8% retinopathy and 11% took angiotensin-converting enzyme inhibitor (ACE-i) due to nephrological indications or for arterial hypertension. Subjects with co-morbidities or oedemas and pregnant patients were excluded. Anthropometric and biochemical measurements were taken before being started on pump therapy and 6 months after initiation of therapy. The examinations were identical, while fasting, before noon, and without significant physical activity. BMI is defined as weight in kilograms divided by the square of the height in metres (kg/m 2 ); the normal range was 18.5-24.9 kg/m 2 . Waist circumference (WC) was measured at the midpoint between the lower margin of the rib cage and the upper margin of the iliac crest as reported by the WHO (World Health Organization) in cm [12] . Cut-off points for WC were 94 cm for men and 80 cm for women as determined for a European population [13] .
Neck circumference (NC), as an anthropometric parameter of 'upper body obesity', was measured using an elastic tape in a standardised manner horizontally below the cricothyroid cartilage at the level of the mid cervical spine to 1 mm accuracy [14] . Measurements of total body fat (TBF) in %, visceral fat area (VFA) in cm 2 and skeletal muscle mass (SMM) in kg were taken via a bioelectrical impedance analysis (BIA) device (InBodyS10, InBody Co., Ltd., Seoul, South Korea) using an eight-point tactile electrode system with 30 impedance measurements and six frequencies (1, 5, 50 , 250, 500, 1,000 kHz) at each of the five segments (right and left arm, trunk, right and left leg) in a sitting position. Skinfold thickness was measured on the right side of the body by Harpenden caliper (HSB-IB; Baty International, Burgess Hill, UK), with constant closing compression of 10 g.mm 2 throughout the range of measurements, with calibration to at least 40 mm with an accuracy of 0.2 mm. The following skinfolds (in cm) were measured: triceps skinfold (TS), biceps skinfold (BS), subscapular skinfold (sSS) and suprailiac skinfold (SIS), and recorded to the nearest 0.1 cm. We set indexes such as subscapular-to-triceps ratio (sS/T ratio) and sSS+SIS sum. Anthropometric measurements were taken according to ISAK standards (International Society for Advancement of Kinanthropometry) [15] . Glycaemic levels were determined by enzymatic UV test (hexokinase method) (OSR6221, BeckmanCoulter, AU680; Beckman Coulter, Brea, CA, USA) in mmol/L, levels of TC (total-cholesterol) were determined by enzymatic colour test (CH202, Randox, AU680; Beckman Coulter) in mmol/L; levels of HDL-C (high-density lipoprotein cholesterol) were determined by enzymatic clearance assay for the in vitro quantitative determination (CH 2655 Randox, analyser AU680, Beckman Coulter) in mmol/L; levels of LDL-C (low-density lipoprotein cholesterol) were calculated using Friedewald's equation: TC -HDL-C -(TAG/2.2) in mmol/L; levels of TAG (triglycerides) were determined by enzymatic colour test (OSR61118 Beckman Coulter, analyser AU680, Beckman Coulter) in mmol/L; levels of TP (total proteins) were determined by photometric colour test (OSR6221 Beckman Coulter, analyser AU680, Beckman Coulter) in g/L; and levels of HbA1c was determined by high-performance liquid chromatography, HPCL (D-10 TM haemoglobin A1c Reorder Pack, analyser; Bio-Rad D, Hercules, CA, USA) in mmol/mol. The standardisation program is traceable to the reference methods of both the National Glycohaemoglobin Standardization Program (NGSP) and the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC). We set total daily dose of insulin (TDDI) per kg BW. The levels of ghrelin and leptin were quantified in serum by the apparatus Bio-Plex ® 200 System (kitBio-Plex Pro TM Diabetes Standard; (Bio-). Output data were assessed by Bio-Plex Manager TM 6.0 software, and results were presented in pg/mL. Using self-monitored blood glucose (SMBG) from 14 days with 3-5 readings/day over 1 month, we calculated parameters of GV -average daily risk range (ADRR) according to Kovatchev et al. [16] , with values < 20 for low risk, 20-40 for moderate risk and > 40 for high risk -and standard deviation (SD) according to Siegellar et al. [17] with normal range 0-3. Total energy expenditure (TEE) was evaluated using 7-Day Physical Activity Recall [18] . Metabolic equivalents (METs) were calculated using the compendium of physical activities, and total kilocalories of energy expenditure per day were calculated [19] . One MET was defined as energy expenditure while sitting quietly, which, for an average adult, approximates 3.5 mL of oxygen uptake per kilogram of BW per min [20] .
Statistical Analyses
Data are presented as frequency (n), as percentage (%) for categorical variables and as mean ± standard deviation (SD), 95% confidence interval and median for continuous variables. All tests used were non-parametric. The Wilcoxon signed-rank test was used to compare the difference between the baseline and followup value of observed parameters. The Mann-Whitney U test was used to compare baseline continuous variables between independent groups. Correlations between observed parameters were examined using Spearman rank correlation (ϱ). All tests were two-tailed, and significance was set to α = 0.05. Analysis was performed with the SPSS 23.0 software package (IBM, Armonk, NY, USA).
Results
In response to switching from multiple daily injections to continuous subcutaneous insulin infusion, VFA was significantly reduced in men (p = 0.028) and non-significantly in women (p = 0,098). SMM was increased in men (p = 0.008) and in women (p = 0.008) (Tables 1, 2, BW, body weight (kg); BMI, body mass index (kg/m 2 ); WC, waist circumference (cm); NC, neck circumference (cm); TBF, total body fat (%); VFA, visceral fat area (cm 2 ); SMM, skeletal muscle mass (kg); BS, biceps skinfold; TS, triceps skinfold; sSS, subscapular skinfold, SIS, supra-iliac skinfold; sSS+SIS, subscapular+supra-iliac skinfold sum (cm); sS/T, subscapular-to-triceps ratio; TC, total cholesterol (mmol/L); LDL-C, low-density lipoprotein cholesterol (mmol/L); HDL-C, high-density lipoprotein cholesterol (mmol/L); TAG, triglycerides (mmol/L); TP, total proteins (g/L), HbA1c, glycated haemoglobin; TDDI, total daily dose insulin; I.U./kg, unit of insulin/ kg body weight; leptin, in pg/mL; ghrelin, in pg/mL; SD, standard deviation; ADRR, average daily risk range; METs/w physical activity energy expenditure, metabolic equivalents/weekly; kcal/kg/day, kilocalories/kilogram/day; MV, mean value; 95% CI, confidence interval; Med(x), median; * p value (Wilcoxon signed rank test) <0.05 is statistically significant, ** p value (Wilcoxon signed rank test) <0.01. ); WC, waist circumference (cm); NC, neck circumference (cm); TBF, total body fat (%); VFA, visceral fat area (cm 2 ); SMM, skeletal muscle mass (kg); BS, biceps skinfold; TS, triceps skinfold; sSS, subscapular skinfold; SIS, supra-iliac skinfold; sSS+SIS, subscapular+supra-iliac skinfold sum (cm); sS/T, subscapular to triceps ratio; TC, total cholesterol (mmol/L), LDL-C, low-density lipoprotein cholesterol (mmol/L); HDL-C, high-density lipoprotein cholesterol (mmol/L); TAG, triglycerides (mmol/L); TP, total proteins (g/L), HbA 1c , glycated haemoglobin; TDDI, total daily dose insulin; I.U./kg, unit of insulin/kg body weight; leptin, in pg/mL; ghrelin, in pg/mL; SD, standard deviation; ADRR, average daily risk range; METs/w physical activity energy expenditure, metabolic equivalents/weekly; kcal/kg/day, kilocalories/kilogram/day; MV, mean value; 95% CI, confidence interval; Med(x), median; * p value (Wilcoxon signed rank test) <0.05 is statistically significant,** p value (Wilcoxon signed rank test) <0.01. Fig. 1 ). In women, we found inverse correlation between SMM and TBF (p = -0.005), and in men between SMM and VFA (p = -0.001) ( Table 3 ). The levels of leptin decreased significantly in women only (p = 0.010) ( Table 2, Fig. 2 ); these correlated with TBF (p = 0.024) and inversely with SMM (p = -0.024), but we did not prove correlation in men (Table 3) . BW increased in men only (p = 0.045) ( BMI, body mass index; BW, body weight; WC, waist circumference; NC, neck circumference; VFA, visceral fat area; TBF, total body fat; HDL-C, high-density lipoprotein cholesterol; SMM, skeletal muscle mass; sSS, subscapular skinfold; sSS + SIS, subscapular + supra-iliac skinfolds sum; TS, triceps skinfold; BS, biceps skinfold; sS/T, subscapular-to-triceps ratio; TAG, triglycerides; p value, <0.05* is statistically significant; NS, not significant. and TS (p = 0.008) ( Table 3) . We found an inverse correlation between ghrelin levels and HDL-C (p = -0.035) in women (Table 3 ) and an inverse correlation between ghrelin levels and METs (p = -0.040) in men (Table 4) . In men, physical activity (METs/w) increased (p = 0.005) and correlated negatively with VFA (p = -0.002). In women, physical activity increased (p = 0.003) and correlated negatively with VFA (p = -0.006) ( Table 4) .
Discussion
At one and the same BMI, women typically present with 10% higher body fat compared to men, and in general women are more effective in storing fat subcutaneously and men intraabdominally [21] . Women in our group had higher TBF, as shown by greater thickness of subcutaneous fat and higher visceral fat mass, when compared to males. Higher visceral fat tissues in females with DM has also been reported by Ye et al. [4] . Higher VFA in women with T1D could be related to more frequent oscillations in glycaemia during the menstrual cycle. Counterregulatory hormones, especially cortisol, are activated in hypoglycaemia, which adds to the increase of visceral fat, and there are more glucocorticoid receptors compared to subcutaneous adipocytes [22] . The flexible regimen of insulin pump use during physical activity most likely added to visceral fat mass reduction in both sexes as we observed in our group. Much like in our group, a higher level of physical activity was correlated negatively with the VFA changes in patients with T1D [10] , but was also assessed in patients without diabetes [23] .
Sex is an important factor for different body fat distribution. It has been reported that testosterone induces meal free fatty acid (FFA) uptake preferentially into abdominal subcutaneous adipose tissue (SAT) resulting in a decreased uptake in visceral adipose tissue (VAT) [24] . The biological effect of testosterone is most likely enhanced by decreasing leptin levels, and an inverse correlation between leptin levels and testosterone was reported by Kelsey et al. [25] . Even though we did not measure testosterone levels, we assume that decreasing leptin levels contributed to a decrease of visceral fat and an increase of subcutaneous skinfold thickness in the trunk area induced by testosterone. We confirmed that VFA inversely correlated with HDL-C in females, but not in men. In women, there was a significant increase of HDL-C on insulin pump. This was not observed in men, most likely due to higher smoker representation, but also because of worse glycaemic compensation (evaluated by HbA1c) when compared to women. The increase of HDL-C after switch on intensified insulin treatment in T1D patients was also observed by other authors [26] [27] [28] and recently also in T2D patients as shown in the OpT2mise study [29] .
More studies have reported a BW increase in T1D patients when starting insulin treatment and several mechanisms have been suggested; primary one is decreased urinary caloric loss, another cause is the reversal of the metabolic state, from catabolism to anabolism, which is mediated by insulin [7] . The effect of insulin on proteins, leading to an increase in lean body mass [30] was seen in both men and women after switching from MDI to CSII. We presume that the SMM increase on CSII treatment, rather than MDI treatment, is due to the combination of higher physical activity, the lower catabolic effect of cortisol, and a metabolically more effective protein anabolic effect of insulin. A BMI increase was found in men only ( Table  1 , Fig. 1 ). In DCCT study, the BMI increase in women was higher than in men; however, the additional weight includes lean tissue as well as fat [31, 32] . A possible explanation for this difference may be a higher age spectrum in the DCCT group with together with a longer duration of the study. In our study, there was an increase of BW in men only, although Holl et al. [33] postulated that, along with high insulin doses, female gender predisposes to weight gain. Studies in T1D patients comparing the MDI regimen to CSII found no significant differences with regard to BW [34, 35] .
Skinfold thickness, much like NC and WC, had increased in men; however, significant changes were only found in supra-iliac skinfold and NC. After starting insulin therapy in T2D, Takei at al. [36] observed a similar trend, i.e., a significant decrease in the ratio of visceral-tosubcutaneous fat area, this was mainly due to an increase in the subcutaneous fat amounts. The changes of skinfold thicknesses in upper body in women, were not statistically significant, which is most likely related to physiologically lower activity of lipoprotein lipase (LPL) adipocytes in this area [37] as per oestrogen effect, compared to men, in which LPL adipocyte activity in abdominal SAT is higher [24] . Different levels of lipolysis may be mediated, in part, through a higher expression of lipolytic beta-adrenergic receptors in the upper body depot [24] . It appears that skinfold thickness assessment provides helpful indicators for an adverse lipid profile in paediatric population also [38, 39] .
One of the main actions of exogenous ghrelin is to stimulate appetite [40] . Ghrelin levels were significantly decreased in women, but not in men, and did not inversely correlate with either BMI or VFA as reported by another T1D study [10] . In men, ghrelin levels correlated inversely with physical activity, and similar data are provided by Ozen-Vatansever et al. [41] , even though they did not observe patients with T1D. Reduced ghrelin concentration after acute moderate intensity exercise might be due to increased sympathetic nervous system activity and decreased perfusion of gastric mucosa resulting from redistribution of blood flow from the splanchnic circulation towards the skeletal muscles during exercise [41] . The effects of exercise on ghrelin are rather controversial and depend on the intensity and duration of exercise [42, 43] .
Likewise, in patients with diabetes it appears that ghrelin is not the main factor controlling appetite. We did not find a correlation between ghrelin and HbA1c, which can be explained by ghrelin levels being influenced more by acute than chronic changes in plasma glucose concentration.
Leptin, an adipocyte-secreted hormone, was shown to be predominantly expressed in isolated subcutaneous adipocytes as opposed to omental adipocytes, particularly in women [24] . In our group, leptin decreased significantly in women, which is most likely related to a higher initial level, and to a higher loss of total body fat ( Table 2 , Fig. 1, 2) . A decrease in the leptin levels in newly diagnosed T1D patients and an increase of insulin therapy was reported by Sariano-Guillén et al. [40] where this increase was independent of changes in BW and was probably due to the stimulatory effect of insulin on leptin production. While leptin and ghrelin levels showed a decreasing tendency, they are thought to exert opposite effects on metabolism [40] .
To summarise, the study presents the positive influence CSII on the body fat distribution and proteoanabolism (decreased visceral fat, increased skeletal muscle mass and plasma proteins). It showed that this state was influenced by increase of physical activity and partially by improved GV, although, to prove this, more patients would have been necessary. It appears that the changes of BW do not reflect the changes in fat and lean mass correctly, and more sophisticated methods for body composition evaluation are needed. Finally, a few limitations are worth noting: First, the present study has only a small sample size; a much larger study will need to be done in order to confirm some of these findings. Second, more sophisticated methods for body composition evaluation would be dual X-ray densitometry, computed tomography or magnetic resonance imaging. Third, physical activity was evaluated by the 7-Day Physical Activity Recall, although pedometers or accelerometers and pulse rate assessments are currently considered the only methods providing sophisticated data on physical activity. Furthermore, due to the small sample size we were unable to analyse the changes in body composition and body fat distribution in relation to age, sex, obesity class and GV.
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